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A new automatic external defibrillator was tested first
against a tape-recorded data base of rhythms and then
during use by first-responding fire fighters in a tiered
emergency system. The sensitivity for correctly classi-
fying ventricular fibrillation and ventricular tachycardia
was substantially less during clinical testing in 298 pa-
tients than would have been predicted from preclinical
results: 52% of ventricular fibrillation analyses in pa-
tients were correctly classified versus 88% of episodes
in the data base, and 22 versus 86%, respectively, for
ventricular tachycardia (p < 0.001). The detection al-
gorithm was modified and evaluated further in another
322 patients. The modified detector performed substan-
tially better than did the one that had been designed
from prerecorded rhythms: with its use, 118 (94%) of
125 patients in ventricular fibrillation were counter-
shocked compared with 91 (77%) of 118similar patients
Survival from out-of-hospital ventricular fibrillation can be
improved substantially if defibrillation is initially provided
by modestly trained first aid crews before par-
amedic/physician emergency care (1-3). The recent avail-
ability of automatic external defibrillators permits the wide-
spread early use of defibrillators in almost every setting, be
it a small town with only volunteer emergency services, a
large city with a tiered emergency response system, a public
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with use of the initial algorithm (p < 0.001). No inap-
propriate shocks were delivered. This improvement re-
sulted in a shorter time to first shock (p < 0.01) and
more shocks being delivered for persistent or recurrent
episodes of ventricular fibrillation (p < 0.05).
Of 620 patients treated with the automatic defibril-
lator, 243 (39%) had ventricular fibrillation; 57 (23%)
of the 243 regained pulse and blood pressure before
paramedics arrived, 141 (58%) were admitted to hos-
pital and 71 (29%) were discharged.
In conclusion, there are serious limitations of avail-
able, prerecorded rhythm data bases for designing and
testing of automatic external defibrillators. Performance
can be adequately assessed only by extensive clinical
tests, which seem mandatory for this new and important
type of defibrillator.
(J Am Coli CardioI1987,'lO:1259-64)
assembly or even an individual's home with assistance given
by lay persons. Unlike standard defibrillator monitors, these
new devices are relatively simple to operate and their use
requires only a minimal amount of training. Thus, they
represent a major technologic advance that could greatly
enhance the provision of definitive, emergency cardiac care.
The accuracy of these devices in classifying the patient's
condition is of paramount importance, because the operators
will have little or no rhythm recognition skills and, thus,
be totally dependent on the decisions made by the device
(4-6). However, the development of accurate and reliable
automatic devices is hampered by the lack of any standard-
ized data base to use for design and testing.
Since May 1984, a prototype automatic external defi-
brillator has been used by first-responding fire fighters in
the tiered emergency care system in Seattle, Washington.
This report describes our experience with these devices, and
emphasizes the importance of field trials to assess their
performance.
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Methods
Development of data base rhythms during cardiac
resuscitation. Before this study, first-responding fire fight-
ers in Seattle's tiered emergency medical system provided
cardiopulmonary resuscitation to victims of cardiac arrest.
All definitive care (defibrillation and drug therapy) was de-
livered after paramedics arrived , an average of 4 minutes
later. During the period 1979 to 1983, the cardiac rhythm
of patients with cardiac arrest treated by paramedics was
recorded (0.5 to 40 Hz bandwidth) using a magnetic tape
recorder interfaced to standard defibrillator-monitors (LifePak
4 and 5, Physio-Control Corporation). Tapes were recorded
in approximately two-thirds of patients with cardiac arrest ;
in others, a recorder was either not available or not func-
tioning. The tapes were reviewed and each rhythm anno-
tated. Only the rhythms recorded before paramedic treat-
ment and only those that were artifact-free for 2:5 seconds
were included . A second voice channel helped discriminate
the presence of electrocardiographic (ECG) artifacts caused
when the patient was touched or moved. In general , we
chose segments of rhythms when paramedics had interrupted
patient care and were analyzing the rhythm themselves. Part
of the resulting data base of rhythms was used for algorithm
development, and part for testing prototypical ventricular
fibrillation detectors .
Development of algorithm for classifying ventricular
fibrillation and other rhythms. After bench trials of sev-
eral algorithms , one was considered superior for correctly
classifying ventricular fibrillation, as well as discriminating
all those rhythms that should not be countershocked. This
algorithm was then prospectively tested against a part of the
prehospital cardiac arrest rhythm data base that had not been
used for development. The test set included 167 segments
of "coarse" ventricular fibrillation, 29 segments of "fine"
ventricular fibrillation, 65 segments of ventricular tachy-
cardia and 680 segments of various supraventricular and
ventricular rhythms that should not be shocked (normal sinus
rhythm , atrial fibrillation and flutter, idioventricular rhythm
and various supraventricular arrhythmias [bradycardias .
tachycardias] and rhythms having ventricular ectopic activ-
ity). Ventricular fibrillation was classified as " coarse" if
any sine wave cycle during the segment had a peak to peak
voltage of 200 /.LV or more , and ' ' fine" if a lower amplitude
was present. Earlier studies (7) had shown that " fine" fi-
brillation was associated with a protracted time from col-
lapse to initiation of treatment and a dismal survival rate of
6%. Therefore, assessment of performance of an automatic
detector in these two conditions was desirable .
Automatic ventricular fibrillation detector. This de-
tector was incorporated in an automatic external defibril-
lator, whose performance was then prospectively evaluated
in patients beginning in May 1984. The elements of the
automatic detector and defibrillator have been previously
reported (8).
The automatic defibrillator, a prototype manufactured by
Physic -Control Corporation . was used by first-responding
fire fighters located at 21 (62%) of Seattle's 34 fire stations.
The fire fighters were authorized to deliver as many as three
shocks if advised by the automatic defibrillator or until para-
medics assumed care of the patient. These particular fire
stations were chosen for testing because an evaluation of
fire department and paramedic response times to cardiac
arrest situations during the years 1979 to 1983 showed that:
1) each of these 21 stations was likely to respond to five or
more patients with cardiac arrest per year, and 2) the average
difference in response time of these units and that of para-
medics was sufficiently long that it seemed likely an au-
tomatic defibrillator could be used before the paramedics
arrived.
The cardiac rhythms of all patients treated and the au-
tomatic decisions and actions of the device were automat-
ically recorded on a calibrated tape recorder housed within
the defibrillator. The operator had no visual record of the
patient 's rhythm that could potentially bias his or her re-
sponse; instead the operator simply delivered shocks as ad-
vised by the automatic detector .
Modifications of the device. All patients in this study
received paramedic level care , including defibrillation, drug
therapy and intubation if required after paramedics arrived
to assume care of the patient. After 12 months, the automatic
ventricular fibrillation detector was modified on the basis
of observations made in analyzing the individual rhythm
segments of ventricular fibrillation incorrectly classified dur-
ing the first field test. The modifications included changes
in methods used for determination of waveform frequency
and QRS configuration, as well as assignment of variable
weighting of each factor in the algorithm. Performance was
again assessed for 10 months during a second field test.
Analysis of detector performance. Comparisons of in-
terest were 1) performance of the initial detection algorithm
in the prerecorded data base versus the field experience from
patients treated using this same detection system, and 2) the
initial versus the second algorithm. Discrete variables were
compared using the chi-square or Fisher ' s exact test , and
continuous variables were compared with the t test , using
the separate variance estimate where appropriate for unequal
variances.
Results
Patients treated: first and second field test periods.
A total of 620 patients received initial treatment by first-
responding fire fighters using automatic external defibril-
lators during the two test periods ; 298 (48%) in period 1
using the initial detector (developed from the taped data
base of rhythms) and 322 (52%) during period 2 using the
second detection algorithm, which included modifications
based on the observations made during the initial field ex-
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Table 1. Initial Conditions Treated by Fire Fighters Using an Automatic External Defibrillator
Initial Field Test:
First Detector*
Second Field Test:
Modified Detector*
Initial Patient Condition No. (% of cases) No. (% of cases)
Ventricular Fibrillationt
Ventricular tachycardia
Asystole
Electromechanical dissociation
Presumed respiratory arrest
118 (40%)
3 (01%)
104(35%)
47 (16%)
23 (08%)
125 (39%)
5 (02%)
119 (37%)
61 (19%)
10 (03%)
*During the initial test period. an automatic detector was used that had been developed from a tape-recorded
data base of rhythms. The second detector included modifications made using field-acquired data obtained
during the initial field test period. tThere were five additional patients who collapsed while under the surveillance
of the fire fighters. Four of the five received shocks from the automatic defibrillator.
observed a marked improvement in performance during the
second field test period (Fig. 2). Of 125 patients with ven-
tricular fibrillation, 118 (94%) were correctly classified us-
ing the modified detector, compared with only 91 (77%) of
118 similar patients in the first series (p < 0.001). In ad-
dition, the modified detector showed improved recognition
of both "fine" and "coarse" ventricular fibrillation wave-
forms. The second detector correctly classified 153 (91%)
of 173 episodes of "coarse" fibrillation and 23 (66%) of
35 episodes of "fine" fibrillation in the second series of
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Figure 1. Performance of the automatic external defibrillator de-
tector system in preclinical testing using a data base (white bars)
of cardiacarrestrhythmsrecordedearlierbyparamedics,compared
with performance of the same detector during the first field test
period (hatched bars). Despite efforts to closely simulate actual
field use in the tapeddata base, the abilityof the automaticdetector
to correctlyclassify "coarse" (>0.2 mY) and "fine" (~O.2 mY)
ventricular fibrillation was significantly lower than what would
have been predictedfrom preclinical tests. Specificity, in contrast,
was excellent in both settings. The overall positive predictive ac-
curacy during the initial field test was 76% (per patient) or 52%
(per episode analyzed). The results shown are for episodes of
rhythm analyzed.
100 co.OO1
perience (Table 1). Ventricular fibrillation was the first rhythm
recorded in 248 patients (40%), ventricular tachycardia in
8 (I %), asystole in 223 (36%) and electromechanical dis-
sociation in 108 (17%). There were no differences in the
proportion of patients with each condition between the first
and second test periods. Five of the 248 patients with ven-
tricular fibrillation were initially awake and alert, but col-
lapsed almost immediately after the arrival of the fire fight-
ers.
The automatic external defibrillator was applied to 33
other patients who were presumed by the fire fighters to
have cardiac arrest, but who were found by paramedics to
have both measurable pulse and blood pressure. Although
it is impossible to be certain of the initial condition of these
patients, presumably they were unconscious because of res-
piratory arrest and had either a feeble or absent pulse that
was quickly restored by ventilation and chest compression
alone. Alternatively, the fire fighters may have missed the
presence of a pulse during their examination of the patient.
Detector performance: taped data base versus first
field test period. The initial detector was far less sensitive
in detecting ventricular fibrillation during the first field test
than had been predicted from the bench test results using
prerecorded cardiac arrest rhythms (Fig. I). During field
testing, 52% (146 of 279) of automatic analyses of ven-
tricular fibrillation were correctly classified, a rate substan-
tially lower than the 88% correct classification rate (173 of
196) during preclinical testing of the same detector (p <
0.001). On the other hand, the ability to discriminate rhythms
other than ventricular fibrillation or tachycardia was excel-
lent in both evaluations. During patient use, none of 645
such rhythms was inappropriately countershocked. Thus,
the first algorithm delivered perfect specificity, but failed
to recommend countershocks for many episodes of ventric-
ular fibrillation.
Detector performance: first and second field test pe-
riods. The initial detector was modified by evaluating the
episodes of ventricular fibrillation not detected during the
field trial and testing successive changes in the algorithm
to optimize performance. Using this modified algorithm, we
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Figure 2. Performance of the first detector (developed from the
taped data base) compared with that ofasecond automatic detector,
modified according to observations during the initial field testing.
Sensitivity for correct classification of all ventricular fibrillation
waveforms was significantly improved during the second test pe-
riod, with essentially no loss in specificity. The overall positive
predictive accuracy of themodified detector was 92% (per patient)
or 86% (per episode analyzed). The results shown are for episodes
of rhythms analyzed.
patients, compared with 135 (62%) of 217 and II (18%)
of 62 episodes, respectively, during the first patient series
(p < 0.01). This improvement in sensitivity was possible
with essentially no loss in specificity. One episode of asys-
tole was falsely classified as fibrillation; this particular seg-
ment had "noise" superimposed on the rhythm during the
analysis that appeared to be caused by movement of the
monitoring electrodes. By chance, in this case the defibril-
lator was disconnected before a shock was delivered. No
other misclassifications took place during analyses of 397
other episodes of asystole.
A second special situation is the performance of the au-
tomatic detector in the 33 patients with presumed respira-
tory arrest. None of these nor any of the 57 patients who
regained pulse and blood pressure after defibrillation, was
inappropriately classified by the automatic detector.
The modified detector improved several other aspects
relating to overall device performance. The first shock was
deliveredsoonerbecauseof earlier recognitionof fibrillation
by the modified compared with the firstdefibrillator (3.1 ±
1.9 versus 3.9 ± 1.8 minutes after activationof the device;
p = 0.006). Also, more defibrillations per patient were
delivered for persistent or recurrent episodes of ventricular
fibrillation during the secondthanduring the firstfield period
(1.6 ± 0.9 versus 1.3 ± 1.0 shocks; P = 0.02). The
presence of an automatic defibrillator permitted defibrilla-
tion to be delivered an average of 6.2 ± 2.2 minutes after
the emergency telephone call to the fire fighters, which is
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Discussion
Development and testing considerations. The prob-
lems encountered in developing a detector system for au-
tomaticexternaldefibrillators differ considerablyfrom those
of developing implantable devices or hospital electrocar-
diographic monitors (9-11). A major constraint to the de-
velopment of automatic external defibrillators relates to the
monitoring electrodes which, unlike those of the internal
devices, are not shielded within the body and, thus, are
sensitiveto mechanicalandelectricalinterference, including
that caused by loose electrodes, electromagnetic fields and
muscle or motion artifacts. These latter conditions are a
particular problem for detectors that rely primarily on heart
Figure3. Proportion of patients who had out-of-hospital cardiac
arrest and who survived tohospital discharge. Twenty-nine percent
ofpatients with ventricular fibrillation were resuscitated, recovered
inthehospital and were discharged horne. Few patients with other
forms of cardiac arrest survived. Thedefibrillator operator had no
knowledge of the patient's rhythm, but simply delivered shocks
or basic life support as advised by the device. The rhythm and
each action ofthedevice were recorded byamagnetic tape recorder
housed within the automatic defibrillator. EMD = electrome-
chanical dissociation.
50
5.0 ± 2.9 minutes sooner than would have been possible
with paramedic defibrillation alone.
Outcome of patients. During the two field test periods,
57 (23%) of the 243 patients with ventricular fibrillation
regained pulse and blood pressure before the paramedics
arrived to assume care of the patient. Of the 243 patients
discovered in cardiac arrest and ventricular fibrillation, 141
(58%) wereadmittedto the hospital(resuscitatedin the field)
and 71 (29%) were discharged home. Few patients with
other conditions were resuscitated or survived (Fig. 3). Of
the patients whose initial condition was either asystole or
electromechanical dissociation, 41 (12%) were resuscitated
and admitted to the hospital and 7 (2%) survived.
Other
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rate for detecting ventricular fibrillation. Also, unlike hos-
pital monitors , the detector of the automatic defibrillator
cannot utilize methods such as QRS template analysis to
aid in rhythm classification. A " false alarm" in the case of
an automatic defibrillator will not be merely an annoyance;
it may lead to inappropriate care .
A second constraint is the lack of available standardized
data bases of surface electrocardiographic rhythm recordings
made during cardiac resuscitation . The standardized data
bases that have been developed for testing ambulatory ECG
recorders are almost devoid of such rhythms (12,13) . Ac-
cordingly, we recorded the cardiac rhythms in patients with
out-of-hospital cardiac arrest to acquire an adequate rhythm
data base for the development and testing of a ventricular
fibrillation detector suitable for external defibrillation. A
random portion of the data base was saved for preclinical
testing of the apparent best-performing algorithm. The bench
test results of the algorithm chosen for clinical testing were
excellent, but the field results of the same detector revealed
a quite different performance. The detector was far less
sensitive in detecting ventricular fibrillation during actual
clinical use than what would have been predicted from the
bench test results.
In retrospect , there are several reason s for this discrep-
ancy . Part of the difference in performance relates to the
monitoring and defibrillation electrodes used by the auto-
matic defibrillator . These electrodes differ from hand-held
paddles and silver-silver chloride electrodes that were used
to establish the recorded data base, both with respect to
where they are attached and their size, which may modify
the electrograms recorded. The clinical tests in patients eval-
uated the entire automatic external defibrillator system (that
is, electrodes, the operator, device controls and each of
several detectors incorporated in such devices), not just
rhythm. In this particular automatic defibrillator, additional
algorithms for static and dynamic impedance levels were
used in the detector to assure proper electrode placement
and absence of gross body movements .
The last factor affecting performance is the limitation of
the prerecorded data base itself. An experienced paramedic ,
nurse or physician recognizes and classifies the rhythm so
quickly that rhythm segments of 5 to 10 seconds that are
free of interference occur relatively infrequently during re-
suscitation. Therefore, data bases constructed from such
sources as well as those developed for ambulatory moni-
toring are not entirely representative of the conditions that
an automatic defibrillator will have to classify .
These findings should not suggest that preclinical testing
ofautomatic external defibrillators should be omitted . Clearly,
this is a necessary first step for reasons of patient and op-
erator safety alone. Instead, the findings indicate that the
limitations in currently available preclinical tests preclude
any meaningful assessment of expected performance. With
this in mind, it seems prudent to recommend that potential
users carefully scrutinize the field results rather than the
tape-recorded data base performance of these devices.
In this study, we quickly discovered the shortcomings of
the initial detector, modified it and subsequently tested a
second series of patients. Performance improved dramati-
cally with no loss in specificity . Ninety-four percent of
patients in ventricular fibrillation received one or two shocks,
the initial shock was delivered sooner and more shocks per
patient were delivered for episodes of ventricular fibrilla-
tion. These time savings are clinically important ; we have
previously shown that patient survival could increase by as
much as 3% for each minute saved (14) .
Although the modification resulted in less than perfect
sensitivity (66%) for detecting very low amplitude fibril-
lation, this performance level is adequate and should have
little clinical importance . Survival for patients with low
amplitude fibrillation, even when defibrillated using con-
ventional devices, is poor . Also, it seems unlikely that sen-
sitivity could be improved further without shocks being
delivered during asystole , atrial fibrillation or atrial flutter.
In this series , no inadvertent shocks were delivered to pa-
tients; although one rescuer received electric shock because
of a component malfunction in a device, no harm resulted .
Implications for emergency care systems. The field
use of automatic external defibrillators by fire fighters in our
tiered emergenc y response system was associated with sev-
eral benefits. First, the device required no rhythm recog-
nition skills by the operator, and training could be provided
to hundreds of users with relatively modest effort-an ac-
complishment that would not have been easily achieved if
standard defibrillator-monitors were used. This has major
implications for communities similar to the one described
here or in others where no paramedic services currently
exist. The modest financial investment for devices, training
and continuing education realistically permits widespread
expansion of basic emergency services to routinely include
defibrillation.
Even in our relatively rapid responding emergency sys-
tem, defibrillation was accomplished an average of 5 min-
utes sooner than would have been otherwise possible. This
should result in a further saving of lives. Twenty -three per-
cent of patients with ventricular fibrillation regained an or-
ganized rhythm and pulse by the time paramedics arrived
to treat them. Fifty-eight percent were resuscitated and ad-
mitted to the hospital ; 29% survived the episode of cardiac
arrest and were discharged home. These survival rates are
similar to those reported (1-3) in studies in which basic
level trained rescuers have used standard defibrillator-mon-
itors.
Conclusions. This experience demonstrates that auto-
matic external defibrillators require extensive clinical testing
to adequately assess performance . The available prerecorded
data bases have significant limitations that preclude an ac-
curate assessment of the detection systems used in these
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new defibrillators. Physicians considering these devices should
carefully assess the accuracy of the detector in these defi-
brillators using results obtained primarily in actual clinical
situations.
We acknowledge the extensive efforts made by Tom Lyster and Carl
Morgan of Physio-Control Corporation, who designed the detectors and
provided consistent support to permit the complete assessment of the au-
tomatic external defibrillator used in this study. We also acknowledge the
fire fighters of the Seattle Fire Department, who gave their wholehearted
support in evaluating this new technology, as well as the paramedic/fire
fighters who provided initial training. The help of Janet Atlas, who aided
considerably in the preparation of this manuscript, is greatly appreciated.
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